INTRODUCTION.
Telomeres and telomerase expression have been implicated in neoplastic progression of human tumors and in replicative senescence of cultured cells. However, their role in replicative senescence and aging of cell populations in vivo is less certain, despite the fact that human telomere length is age-related in rapidly dividing tissues such as hematopoietic cells (1) . Given that relatively short-lived inbred mice have telomeres several times longer than humans, the relevance of telomere shortening to aging in mice is even more doubtful. Using a Flow cytometry-based fluorescence in situ hybridization (Flow-FISH) method of measuring telomere length in individual cells, we have studied the effects of aging and sublethal irradiation on hematopoietic cells of long-lived (C57BL/6) and short-lived (DBA/2) mouse strains.
METHODS.
Animals. Female DBA/2 and C57BL/6 mice (ages 2 and ~20 months) were used.
Flow FISH Telomere Length Analysis.
Fluorescence in situ hybridization with flow cytometry (Flow FISH) was done using the method of Lansdorp et al. (2) Telomerase Assay. Telomerase activity was determined using the Boerhinger Mannheim Telomerase PCR ELISA kit based on the Telomeric Repeat Amplification Protocol (TRAP).
Stem Cell Purification. Stem cells (Sca-1+, c-kit+, and lin-) were purified from pooled bone marrow of 13-15 animals as previously described (3).
RESULTS.
Telomere length of hematopoietic stem cells purified from bone marrow of young (2 mo.) animals of both strains showed a consistent strain difference where DBA/2 stem cells had ~30% longer telomeres than those of C57BL/6 mice. Stem cells purified from old (23 mo.) animals of both strains showed no detectable telomere shortening relative to young animals, and the strain difference was maintained. Thus aging had no demonstrable effect on stem cell telomere lengths in these strains. Aging, however, had a significant effect on telomerase activity in hematopoietic stem cells. In both strains, telomerase levels were elevated in stem cells purified from older animals. Because we found that telomere measurements of blood leukocytes accurately reflected telomere lengths of purified stem cells in young and old animals of both strains, we tested the effects of sublethal irradiation on hematopoietic recovery during which blood cells from mice could be repetitively sampled.
One month after irradiation (5 Gy), we found no detectable change in telomere lengths of young animals of either strain. However, in old animals of both strains, telomeres shortened dramatically. In C57BL/6 animals, telomeres shortened ~23% one month after 5 Gy (P<0.05). Old DBA/2 mice showed an even larger reduction of ~38% (P<0.01) in length despite the fact they were given 4 rather than 5Gy (5 Gy was fatal).
DISCUSSION.
The dramatic reduction in telomere length following irradiation in old mice of both strains suggests either a diminished repair mechanism in old mice and/or accelerated telomere loss per cell division. We conclude that aging affects the ability of stem cells to maintain telomeres in vivo in the face of replicative stress. Higher levels of telomerase activity seen in older animals may act as a compensatory mechanism to maintain telomere length during normal aging, but may be insufficient to prevent telomere shortening in old animals subjected to replicative stress.
